Abstract: This paper is intended to evaluate the engine performance indirectly through the engine cylinder vibration analysis based on the combustion excitation. The diesel based excitation which is considered the threshold for comparison is evaluated to compare it with the combustion propensity of the new combo fuel. The vibration recordings have been collected on the cylinder head, piston slap and the foundation of the engine to analyze them in the form log-log FFT plots and time waves which amply estimate the combustion propensity with alternate fuel replacing totally the diesel fuel. In parallel, the combustion pressures have also been measured with the engine data logger which collects the pressure data from the pressure transducer and the crank angle encoder and synthesizes them to present it in the form of log-log FFT plots using off line Vast -an software. The pressure plots and the time waves generated by the vibration analyzer are collated to understand the engine combustion phenomena in a lucid way. Finally after tallying, it is understood that the combustion with the new fuel (Beef Tallow methyl ester with 2% hydrated ethyl alcohol) is suitable for replacement of the petro diesel with the renewable fuel.
Panneer selvam and K Vadivel [19] Methyl esters of beef tallow and its blend (B5, B25, B50 and B75) with diesel fuel can be used as an alternative fuel for diesel in direct injection diesel engine without modifying the basic engine design. After exhaustive search of literature, it is evident that hydrated ethanol as an additive in fat biodiesel was not so far reported. reported. In this paper an attempt was made to test the vibration and combustion aspects of a supercharged IDI engine by using different percentages of hydrated ethanol as an additive to Beef Tallow Methyl Ester (BTME).
II.
BIODIESEL CHARACTERIZATION As demands for energy are increasing and fossil fuels are limited, research is directed towards alternative renewable fuels like vegetable and animal based oils. If biodiesel (methyl ester) was produced from high quality edible oils these feed stocks have high cost, which currently accounts to over 85% of biodiesel production expenses. In recent years a wide range of studies have been carried out on biodiesel production from feed stocks for low cost, which includes animal fats (beef tallow, pork lard, chicken and yellow grease) and frying oils. In this paper raw beef tallow was used for biodiesel production. Raw Beef tallow is highly viscous and mostly available in solid form at ambient temperature because of their high content of saturated fatty acids. The transesterification of beef tallow oil is taken up in the present work as shown in Figure 1 .The methyl ester thus obtained from transesterification process was tested for different properties as shown in Table 1 . III. EXPERIMENTAL SETUP Experimentation was conducted on a single cylinder, four stroke IDI diesel engine and the specifications are shown in Table 2 . The engine was supercharged with 350Watt air blower with a heat exchanger to cooler the compressed air and a designed surge tank to store the air in the idle strokes. By super charging there was an increase of 9% power output at a constant speed of 1500 rpm. Eddy current dynamometer was used for loading the engine. The experiments started with the engine warm up for about 30 min using diesel fuel, and then, the tests were conducted at five discreet part load conditions (No load, 0.77kW,1.54kW,2.31kW & 2.92kW) by maintaining fixed rpm of 1500. In the second attempt, beef tallow methyl ester was injected through the pintle nozzle at a pressure of 142 bar and the various percentages of additive Viz. 2%,4%,6% and 8% were injected at 3bar pressure into at the suction end with a suitable electronically controlled electric secondary fuel injection system as shown in Figure 2 . Combustion pressures are measured with water cooled piezo electric transducer, crank angle encoder and dedicated data logger supplied by Apex innovations, Pune, India. Vibrations are measured at three strategic positions with DC-11 vibration analyzer which gives spectral data in the form of log-log FFT plots as well as in the form of time waves taking the combustion excitation as the main source of cylinder vibration. th maximum loads. Maximum pressure raise can be acclaimed for neat diesel fuel operation because of its higher calorific value in Fig.3 
(a) and 3(d).
Mean pressure is common for all the plots that falls around 30bar. For neat BTME and BTME with additive gives the combustion pressures which are less but the area covered under the curve is comparatively more, indicating approximate equivalent energy developed to cope up with the load on the engine. Combustion in the main chamber is prolonged and this may be reason for lifting the load and maintaining the speed in the case of BTME with additive percentage and BTME dual fuel injection. Faster combustion in the main chamber will be responsible for better torque conversion and despite lesser calorific value of the BTME and alcohol the engine operates efficiently. Diffused combustion in the main chamber entails better torque conversion because of proximate energy release on the top of the piston rather than in the pre-combustion chamber. Greater burn fractions are observed in the case of diesel with respect to crank angle where as in the case of new fuel either BTME or alcohol injected, the burn fractions are smaller with increased frequency of occurrence leading to systemized combustion. 
Cylinder vibration measurement
Vibrations are measured at three strategic points these points are vertical on top of the cylinder head, piston slap direction and on foundation. Figures from 4 to 7 represent the Log-Log FFT plots at max and 3/4 th maximum loads in vertical and piston slap direction. These plots are representatives of the actual combustion excitation. The log-log FFT curves give adequate information about the combustion taken place with different fuels. The spectral density is more in the case of diesel fuel, BTME and lesser in the case of 2% hydrated ethyl alcohol in BTME. High frequency combustion with exalted amplitude can be seen in the plots of diesel fuel touching nearly 100 dB. But in the case of alternate fuel, the amplitude of high frequency vibration is limited in between 100 dB and 50 dB. Lesser spectral density and lower amplitude at higher frequencies prompted the author to select 2% hydrated ethyl alcohol in BTME as an alternative to the diesel fuel. Figures from 8 to 13 represent the time wave verses amplitude at maximum and 3/4 th maximum load. From the figures it is evident that Piston slap in the case of diesel is observed more and that is the reason the amplitude touched even more than 20 g where as in other two cases the piston slap is controlled and lesser than the amplitude 20g. Especially, in the case of 2% hydrated ethyl alcohol in BTME Fig.10 .The spectral density is far lesser in the case of 2% hydrated ethyl alcohol in BTME indicating better combustion propensity even over the neat BTME. The time wave is implicit with harmonics indicating smoother combustion in the case of the selected fuel combination. Reduction of piston slap otherwise converts the energy generated into torque conversion because of which the alternate fuels can operate efficiently at all loads notwithstanding the lower heat value of the fuel. More vibration in the piston slap direction jeopardizes the functioning of the engine parts like push rods, valves. 
Pressure variation and time wave compilation
The plots 14 (a, b &c) represent matching of the vibration acceleration recorded on the cylinder head in vertical direction in the same time duration of the crank angle to investigate the combustion propensity with the all the fuels tested. It can be observed asymmetric variation of time wave about abscissa in the Fig.14(a) representing diesel combustion. The amplitude rise is unequal on both sides of the abscissa. On the positive side the amplitude has risen up to 10G and on the negative side it has reached down to 6 or 7 G. This is an indication of improper torque conversion of the energy generated. The density of the time wave is also more indicating rough combustion consisting of lesser number of harmonics. It can be observed in the Fig.14(b) same torque conversion trend similar to the diesel fuel but the curve is smooth with lesser combustion noise. In the Fig.14(c) which represents 2% hydrated ethyl alcohol in BTME, the curve is almost symmetric with better torque conversion. There is maximum pressure retention for longer duration of time. Same trend of combustion can be observed in the case of next lower part load also as seen in the Fig.15 (a, b & c) . 
IV. CONCLUSIONS AND RECOMMENDATIONS
The following test data has been verified and the conclusions have been drawn. Test data:
1. Pressure differential curves 2. Log -Log FFT curves collected on the strategic points on the cylinder head and on the piston slap direction. 3. Time waves collected on the cylinder head in the vertical direction on the cylinder head, piston slap direction and on the foundation. 4. Pressure and time wave collation to verify the heterogeneity of combustion.  The pressure differential curves define smoother combustion in the case of 2% hydrated ethanol plus biodiesel.  The log-log FFT curves elucidate reduced level of amplitude at higher frequencies.  The time waves in the piston slap direction in the case of new combo fuel indicate lesser energy spending and higher torque conversion. Finally, the pressure -time wave collation envisages better understanding of heterogeneity reduction in the case of new renewable fuel.
 Finally it is understood that the new fuel entailing the combination of BTME and 2% hydrated alcohol is adjudged as the suitable renewable fuel to replace the diesel fuel with slight changes like the introduction of secondary injection of the additive at the suction end and super charging with appendages like heat exchanger and surge tank in between the engine and the super charger.
